Conjugated linoleic acid (CLA) has drawn much interest in last two decades in the area ranging from anticancer activity to obesity. A number of research papers have been published recently with regard to CLA's additional biological functions as reproductive benefits. However, not much is known how this mixture of isomeric compounds mediates its beneficial effects particularly on fertility. In this study, we demonstrated the cross talk between downstream signaling of CLA and important hormone regulators of endocrine system, i.e. FSH and IGF1, on buffalo granulosa cell function (proliferation and steroidogenesis). Experiments were performed in primary serum-free buffalo granulosa cell culture, where cells were incubated with CLA in combination with FSH (25 ng/ml) and IGF1 (50 ng/ml). Results showed that 10 mM CLA inhibits FSH-and IGF1-induced granulosa cell proliferation; aromatase, GATA4, and IGF1 mRNA; and estradiol17b production. Western blot analysis of total cell lysates revealed that CLA intervenes the IGF1 signaling by decreasing p-Akt. In addition, CLA was found to upregulate peroxisome proliferator-activated receptor-gamma (PPARG ) and phosphatase and tensin homolog (PTEN) level in granulosa cells. Further study using PPARG-and PTEN-specific inhibitors supports the potential role of CLA in granulosa cell proliferation and steroidogenesis involving PPARG, PTEN, and PI3K/Akt pathway.
Introduction
Conjugated linoleic acid (CLA) is the common element that belongs to a group of C18 fatty acids with two double bonds exhibiting strong nutritional benefits in a variety of animal models (Belury 2002) . CLA is a naturally occurring fatty acid produced in the rumen of ruminant animals by the fermentative bacteria, which isomerizes linoleic acid into CLA (Kepler et al. 1970) , and is naturally found in food such as milk fat and meat of ruminant animals. A number of studies have supported the role of CLA as anticarcinogenic (Devery et al. 2001 , Pariza et al. 2001 , antiatherogenic (Lee et al. 1994 , Nicolosi et al. 1997 , antidiabetic (Houseknecht et al. 1998) , and antiobesity (Park et al. 1997) agent.
Dietary n-3 polyunsaturated fatty acids (PUFAs) increase systemic circulation of cholesterol as well as the size of corpus luteum in cows. Marei et al. (2009) showed that linoleic acid influenced follicular development. It has been reported that follicular fluid lipid profile in cows fluctuates according to follicle dominance and stage of estrous cycle (Orsi et al. 2005) . There is difference in metabolomic strategies opted by subordinate and dominant follicles, as it has been shown that linoleic acid concentration is higher in dominant follicle (Revelli et al. 2009 ). In feeding practice, CLA supplements are used to decrease milk fat excretion in early lactation dairy animals to save energy in order to counteract the physiological negative energy balance (Von Soosten et al. 2011 ) that is most often characterized in postpartum period. Fertility in this period is mostly comprised by incidence of anestrous, which is superiorly determined by fate of dominant follicle. However, high dose of CLA was given to nutritionally manage anestrous problem that arises as a result of negative energy balance (Odens et al. 2007) . In spite of the abundance of studies reporting that CLA is a key dietary supplement in animals, the molecular mechanisms that facilitate its beneficial effects are not currently well understood.
Maintenance of fertility in animal requires supreme cooperation of gonadotropins and intraovarian regulators. Among all of them, insulin-like growth factor 1 (IGF1) and its signaling pathways play the critical role. In particular, activation of the PI3K or the MAPK pathway by IGF1 has been reported to not only stimulate proliferation but also differentiation and/or cell survival depending on the cell type (Butt et al. 1999 , Poretsky et al. 1999 . Phosphatase and tensin homolog (PTEN) is a well-established negative regulator of this pathway, as it antagonizes the activity of PI3K (Maehama & Dixon 1998) .
Dietary nutrients like CLA control the metabolism by activating peroxisome proliferator-activated receptor-g (PPARG (PPARg)), a nuclear hormone receptor expressed throughout the body. PPARG expression and its implication in ovarian function like steroidogenesis, differentiation, and tissue remodeling have been well established (Komar 2005) . In addition, several reports suggested a relationship between PPARG and PTEN signaling in human hepatocellular carcinoma cell line (Cao et al. 2007) . Also the studies conducted on human gastric cancer cells speculated that PTEN suppresses the cell growth, at least in part, via disturbing the function (Akt signaling) as well as expression of the IGF system (Yi et al. 2005) . Consequently, it can be hypothesized that effects are mediated by CLA on fertility through multiple signaling pathways, including PI3K pathway. Therefore, in this study, we explored whether CLA affects granulosa cell functioning by recruiting PTEN as a mediator molecule. In addition, to verify this hypothesis, this study investigated the effects of CLA on granulosa cell function and its underlying possible mechanism.
Results

Inhibition of FSH-and IGF1-induced cell proliferation by CLA treatment
Cell proliferation assay using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) was carried out in cells treated as described in the Materials and methods section. FSH (25 ng/ml) and IGF1 (50 ng/ml) alone (dose as optimized earlier) significantly (P!0.001) increased the cell number. Treatment with FSH (25 ng/ml) along with IGF1 (50 ng/ml) showed synergistic increase in cell number (Table 1) . However, CLA cotreatment had abolished FSH-and IGF1-induced cell proliferation compared with control (unstimulated cells). However, PPARG antagonist was found to increase cell proliferation significantly (P!0.001).
Dose-and time-dependent effect of CLA on PPARG and PTEN expression in primary cultured buffalo granulosa cell Dose-and time-dependent effect of CLA on the expression of PPARG and PTEN has been shown in Fig. 1A , B and C. Result showed that all the doses of CLA (10, 25, and 50 mM) studied were found to increase PPARG significantly (P!0.001), thus the highest expression of PPARG was observed at 10 mM. CLA (10 mM) was found to induce PPARG at 24 and 48 h, but maximum induction was observed at 48 h. A similar effect of CLA on PTEN expression was observed and 10 mM CLA was found to increase the expression of PTEN to a maximum at both mRNA and protein level ( Fig. 2A and B) . The effect of CLA on both PPARG and PTEN was found to be reversed when cells were treated alone or cotreated with 1 and 10 mM of antagonist (GW9662) while the effect of antagonist was maximum at 1 mM. Hence, 10 mM CLA, 1 mM GW9662, and 48 h of treatment period had been chosen for subsequent experiment. Further, we checked the effect of CLA on PPARG and PTEN expression in cells treated with or without FSH (25 ng/ml) and IGF1 (50 ng/ml) for 48 h. Real-time expression data showed that CLA increased PPARG and PTEN expression significantly (P!0.001) in the cells treated with CLA alone or in combination with FSH and IGF1, while FSH and IGF1 alone failed to induce the PPARG and PTEN expression compared with CLA alone (Fig. 3A and B) .
CLA reduces FSH-and IGF1-induced IGF1, aromatase, and GATA4 expression and estradiol-17b synthesis Treatment of FSH (25 ng/ml), IGF1 (50 ng/ml), for 48 h alone, or in combination increased IGF1 (P!0.001), aromatase (P!0.001), and GATA4 (P!0.001) mRNA significantly compared with control. Cells treated with CLA alone decreased the genes (CYP19A1 (CYP19) and GATA4) significantly in comparison with control and FSH, IGF1, and FSHCIGF1, while in the case of control, some region of significance is shared (as marked with the same letter as well as different letters). IGF1 transcript abundance goes down when cells were treated with CLA alone or in combination with FSH, IGF1, and FSHC IGF1 with a share in the region of statistical significance (Fig. 4A) . CLA downregulated the FSH-and FSHCIGF1-induced CYP19A1 gene expression, whereas CLA did not alter the IGF1-stimulated CYP19A1 (Fig. 4B) . Additionally, a similar response was observed in hormone (estradiol-17b (E 2 )) production. Consistent with the aromatase expression pattern, FSH-and IGF1-induced E 2 production was significantly (P!0.001) reduced by CLA treatment. CLA downregulated the FSH-stimulated E 2 production to the level of control. However, CLA could not alter the IGF1-stimulated CYP19A1 but had shown to decrease the E 2 production. Again CLA effect alone was more potent in decreasing E 2 production (Fig. 5) . Likewise, GW9662 did not have any significant effect on gene expression and E 2 production.
CLA pretreatment inhibits FSH-and IGF1-induced phosphorylation of AKT Figure 1 Effects of CLA on PPARG and PTEN transcripts level in cultured buffalo granulosa cell. Cells were cultured for initial 48 h in serum-free condition as described in the Materials and Methods section followed by treatment with different doses of CLA (10 mM), GW9662 (1 mM) alone, or in combination for next 48 h. Total RNA was isolated for analysis of PPARG (A) and PTEN (B) transcripts, and also for PPARG induction at two time point 24 and 48 h (C). *Gene transcript (copy no.
!10 3 /mg RNA). Copy number was calculated and normalized to initial amount of RNA used for cDNA preparation. Results are expressed as GS.E.M. of three independent experiments. Bars with different letters indicate significantly difference (P!0.001). In each experiment, measures were obtained as the mean of three replicates.
Figure 2 Dose-dependent induction of PPARG and PTEN in cultured buffalo granulosa cells. Cells were cultured for initial 48 h in serum-free condition as described in the Materials and Methods section followed by treatment with different doses of CLA (10 mM), GW9662 (1 mM) alone, or in combination for next 48 h. The cells were collected for protein isolation and subsequently followed by western analysis using ant-PPARG Ab (top), anti-PTEN Ab (middle), and anti-b-actin (bottom, used as internal control) antibodies. (A) Immunoblot presents both isoforms of PPARG (1 and 2) and PTEN. (B and C) Densitometric analysis of PPARG and PTEN was done, respectively, using b-actin as an internal control. Bars with different letters indicate significant difference at P!0.001. Results are expressed as GS.E.M. of three independent experiments. 
Discussion
In this study, we have demonstrated that CLA increased PTEN expression through activation of PPARG in granulosa cells, which further attenuated the phosphorylation of Akt and thereby regulating granulosa cell functioning (proliferation and steroidogenesis). A number of reports indicated a correlation between nutrition supplements and improved fertility. Renaville et al. (2008) recently demonstrated that intrafollicular CLA level increased in dominant follicle, compared with subordinate follicle. Lipid profile in preovulatory follicle plays detrimental role in assessing follicle rupture, oocyte quality, and its fertilization potential (Singh & Sinclair 2007 , Sinclair et al. 2008 , Revelli et al. 2009 ). Fertility in postpartum period is a major concern because after parturition most of the nutrients are driven toward milk production than follicular maturation (Baumen & Currie 1980 , Leroy et al. 2008 . Dietary supplements like CLA are given during this stage, but the mechanism that leads to subsequent ovulation from dominant follicle as a result of treatment is not completely understood.
Recognizing these gaps, we have demonstrated here a serial connection between CLA, PPARG, and PTEN with an inverse relationship between PTEN and p-Akt. Result also showed that CLA disrupts the IGF1 signaling by recruiting PTEN as an intervening molecule, which is upregulated after PPARG induction. In HT-29 cells, CLA is known to negatively regulate the levels of IGF1, mature IGF1R, and subsequent activation of Akt (Kim et al. 2003) . There is reasonable possibility that inhibition of IGF1 signaling may be one of the mechanism by which CLA inhibits cancer cell growth. Our result also supports the functional relevance of CLA in ovary through a signaling mechanism in relation to level of p-Akt. In addition, preliminary data from our laboratory showed that PI3K/Akt pathway mainly contributes to steroidogenesis in buffalo granulosa cell than MAP kinase pathway and the same has been reported in bovine granulosa cell (Murugan et al. 2010) . Our results showed that unstimulated cells and stimulated cells with FSH (25 ng/ml) have same level of p-Akt at day 4. The possible reason behind this observed Figure 3 Effect of CLA, FSH, IGF1, and GW9662 on PPARG (A) and PTEN (B) transcripts in cultured buffalo granulosa cells. Total RNA was isolated from cultured granulosa cell treated with or without CLA (10 mM) for 48 h in the presence or absence of FSH (25 ng/ml), IGF1 (50 ng/ml), and GW9662 (1 mM) as shown in the figure and described in the Materials and Methods section. *Gene transcript (copy no.
!10
3 /mg RNA). Copy number was calculated and normalized to initial amount of RNA used for cDNA preparation. Results are expressed as GS.E.M. of three independent experiments. Bars with different letters differ significantly at P!0.001. In each experiment, measures were obtained as the mean of three replicates. Figure 4 Effect of CLA, FSH, IGF1, and GW9662 on IGF1 (A), CYP19A1 (B), and GATA4 (C) transcripts in cultured buffalo granulosa cells. Total RNA isolated from cultured granulosa cells were treated with or without CLA (10 mM) for 48 h in the presence or absence of FSH (25 ng/ml), IGF1 (50 ng/ml), and GW9662 (1 mM) as shown in the figure and described in the Materials and Methods section. *Gene transcript (copy no. !10 3 /mg RNA). Copy number was calculated and normalized to initial amount of RNA used for cDNA preparation. Results are expressed as GS.E.M. of three independent experiments. Bars with different letters differ significantly at P!0.001. In each experiment, measures were obtained as the mean of three replicates. difference could be due to IGF1, which is primarily involved in the PI3K signaling cascade for phosphorylation of Akt instead of FSH (Murugan et al. 2010) . In goat granulosa cells, linoleic and oleic acid had no effect on AMPK phosphorylation, whereas they rapidly increased MAPK ERK1/2 phosphorylation, and inhibitor studies have further validated these findings depicting the involvement of fatty acids in improving ovarian steroidogenesis through the MAPK ERK1/2 signaling pathway (Coyral-Castle et al. 2010) . However, we did not assess the phosphorylation status of MAPK ERK1/2 protein, as it is not the major pathway operating (Murugan et al. 2010) here, and hence, we have aimed the experiments focusing on p-Akt level only. Our results suggest a possible involvement of CLA that interferes with FSH-and IGF1-stimulated pathway involved in ovarian steroidogenesis in granulosa cell including downregulation of IGF1, aromatase, and GATA4 mRNA and reduced phosphorylation of Akt, hence diminished E 2 production. However, CLA did not decrease the IGF1-stimulated IGF1 and CYP19A1 but had shown to decrease the E 2 level. It could be observed as an interesting finding of this study which showed that CLA primarily affects the ovarian steroidogenesis by decreasing the IGF1 mRNA. Accordingly, when cells were treated with CLA along with IGF1, one-way CLA decreases the IGF1 synthesis while IGF1 cotreatment neutralizes its effect and that is why CLACIGF1 treatment does not have much impact while CLA alone significantly decreased the IGF1 mRNA. However, it is difficult to correlate hormone and mRNA level as hormone accumulates and is stable while mRNA is not so stable compared with hormones. Moreover, it is a well-established fact that there is frequently a lack of concordance between mRNA and protein concentration data (Gygi et al. 1999 , Schmidt et al. 2007 . Furthermore, we have also demonstrated that CLA effects on steroidogenesis are mediated through accumulation of PPARG, which acts as a novel signal for integration of energy balance and reproduction basically by sensing the nutritional status in the microenvironment of follicle (Fernandez-Fernandez et al. 2006) . The activated PPARG initiates signal transduction via recruiting phosphates like PTEN (Lee et al. 2006) . Activation of PTEN propagates signal to regulate several cellular and metabolic functions such as cell proliferation and phosphorylation status of metabolic enzymes involved in glucose metabolism. Our results showed that CLA induced PTEN expression, which consequently attenuated the endogenous IGF1 transcription as well as FSH-and IGF1-induced phosphorylation of Akt and thereby granulosa cell steroidogenesis and proliferation. Our experiments had shown that CLA in combination with FSH and IGF1 have reduced the phosphorylation of Akt, but the effects were more pronounced when cells were incubated with CLA alone because CLA alone significantly induced the PTEN expression.
Throughout the study, we have used the granulosa cells that were FSH responsive with estrogen dominant and having high CYP19A1 gene expression, i.e. they are not luteinized but LH responsive with high LH receptors. As studied in detail earlier, at this stage (day 4), if cells were treated with LH, LH downregulates almost all gene in the same fashion, as LH surge downregulates the gene in vivo (Monga et al. 2011) . Considering these studies, we treated the cells up to day 4, as they exhibit phenotypic characteristic features of preovulatory follicle, which were subsequently followed by their tendency to get luteinized in the succeeding days. We are comparing this in vitro-standardized model with in vivo system that day 4 cultured cells have gene expression characteristic of a dominant follicle. This stage of follicle undergoes subsequent transition from high proliferative and less steroidogenic to less proliferative and high steroidogenic form in response to LH, which is the trigger of ovulation and luteinization (Mitwally et al. 1999) . In this phase, CYP19A1 expression goes down and PTEN level increases, which is a prerequisite for dominant follicle to ovulate. However, we cannot exactly correlate the present findings with the preovulatory follicle status in postpartum animal, as they are likely to differ in their proliferative potential and kind of lipid profile in follicular fluid, which further depend on the nutritional status of animal. However, problem remains of sampling from the animals falling in the category of negative energy balance after first calving. Therefore, further studies using granulosa cells from these animals and also profiling their lipid composition in follicular fluid reveal detailed functional evaluation of exogenously administered or nutritionally supplemented CLA.
Polycystic ovarian syndrome (PCOS) is the leading cause of infertility and menstrual irregularities in women of reproductive age and is characterized by chronic Figure 5 Effect of CLA on estradiol-17b content. Cells were treated with or without CLA (10 mM) for 48 h in the presence or absence of FSH, IGF1, and GW9662 as shown in the figure and described in the Materials and methods section. Hormone was estimated using ELISA. Results are expressed as GS.E.M. of three independent experiments. Bars with different letters indicate significantly difference (P!0.001). In each experiment, measures were obtained as the mean of three replicates. hyperandrogenic anovulation (Rimon et al. 2004 ). This disorder is mainly characterized with instances of insulin resistance. Thiazolidinediones (TZDs) rosiglitazone or pioglitazone have been shown to improve insulin sensitivity in PCOS (Ehrmann et al. 1997) . TZDs are exogenous ligand of PPARG. Hereby, it can be suggested that natural dietary CLA can also be used as a substitute to these synthetic ligands, as rosiglitazone and pioglitazone are currently listed as a Pregnancy Category C drug (i.e. not tested for use during human pregnancy). Some side effects of TZD administration are weight gain, fluid retention (Rubenstrunk et al. 2007) , and possible bone demineralization. Present report demonstrates the serum-free cultured buffalo granulosa cell as a model to determine the functional significance of CLA in ovary. These cells share the same characteristic features as shown by human ovarian granulosa cells. And hence, we can relate these studies with the mammalian system including human. Therefore, a better experimental approach is required to clarify the role of CLA in fertility considering a lot many aspects of this molecule not only as a mixture but also as a individual isomer. Considering the present data, we can conclude that CLA exerts its role in preovulatory follicle by the negative correlation of PI3 kinase/PKB signaling pathway. Moreover, PTEN and PPARG inhibitor studies symbolize that CLA takes PPARG-dependent pathway to execute its downstream signaling effects. However, PPARG-independent effects also cannot be denied completely as PUFAs are known to take PPAR-independent pathways (Derecka et al. 2008) and also PPARG inhibitor (GW9662) inhibited the cell growth of human tumor mammary cell line, which supports the existence of PPARG-independent pathways (Seargent et al. 2004) .
To the best of our knowledge, as proposed (Fig. 8) , this is the first report to demonstrate a novel signaling mechanism opted by CLA in regulating steroidogenesis in any species. In conclusion, this study demonstrated that expression of PTEN was induced by CLA through PPARG-dependent pathway in vitro, which attenuates phosphorylation of Akt, and FSH/IGF1-induced effects on granulosa cell steroidogenesis and proliferation. These findings showed that CLA, therefore, can be Figure 6 Phosphorylation of Akt and induction of PTEN in cultured buffalo granulosa cells. Cells were cultured as described in the Materials and Methods section. Cells were either left untreated (control) or treated with CLA (10 mM), GW9662 (1 mM) alone, or in combination for 48 h followed by stimulation with FSH (25 ng/ml) or IGF1 (50 ng/ml) for 30 min. After that, cells were collected for protein isolation. Immunoblotting was done using anti-p-AktAb (top), anti-PTENAb (middle), and anti-b-actin Ab (bottom). Immunoblots present the p-Akt and PTEN (A and C) in cells treated with FSH, IGF1, CLA, and GW9662. Ratio of signal intensity of p-Akt and PTEN (B and D), which was normalized to b-actin. Results are expressed as GS.E.M. of three independent experiments. Bars with different letters indicate significantly difference at P!0.001. a key regulatory molecule of granulosa cell functioning in preovulatory follicles. Further studies are required to achieve detailed functional analysis of CLA in ovary during different pathophysiological conditions.
Materials and Methods
Collection of buffalo ovaries and isolation of granulosa cells
Buffalo ovaries were collected from commercial abattoir, Delhi. Just after killing animals, ovaries were placed in chilled normal saline (0.9% NaCl) containing penicillin (100 U/ml) and streptomycin (100 mg/ml) and transported to laboratory rapidly (approximately within 4 h). All the tissues were washed at least five times in saline, disinfected once in 70% ethanol for 30 s, then washed again with saline, and processed immediately. Healthy developing follicles were assessed by the presence of vascularized theca externa and clear amber follicular fluid with no debris. Follicular fluid was aspirated from small and medium antral follicles (!8 mm) using 18 gauge needle and sterile, nontoxic, nonpyrogenic, monoinjected brand syringes (Dispovan, Faridabad, Haryana, India; 2.0 ml). The fluid was collected in PBS containing penicillin (100 U/ml), streptomycin (100 mg/ml), and amphotericin B (1.25 mg/ml) in 15 ml centrifuge tube under sterile conditions while continuously maintaining the cells on ice. The granulosa cells were finally separated by centrifugation at low speed (200 g) for 4-6 min to pellet out the cells. Cell number and viability were estimated in hemocytometer using trypan blue exclusion method. Approximately 70-80% of cells were found to be viable.
Culture and treatment of granulosa cell
All the culture reagents were purchased from Sigma-Aldrich, Inc., unless otherwise stated. Cells were seeded in 24-well tissue culture plates (Nunc, Roskilde, Denmark) at a density of 2!10 5 viable cells in 1.0 ml DMEM serum-free culture medium containing L-glutamine (3 mM), protease-free BSA (1 mg/ml), sodium selenite (4 ng/ml), transferrin (2.5 mg/ml), androstenedione (2 mM), bovine insulin (10 ng/ml), nonessential amino acid mix (1.1 mM), ovine FSH (1 ng/ml), human Figure 7 Phosphorylation of Akt and induction of PTEN in cultured buffalo granulosa cells in vitro. Cells were cultured as described in the Materials and Methods section and were either left untreated (control) or treated with CLA (10 mM), GW9662 (1 mM) alone, or in combination for 48 h followed by stimulation with FSH (25 ng/ml) CIGF1 (50 ng/ml) for 30 min. Also cells were incubated with or without bpV(pic) -10 mM for 30 min followed by induction with CLA (10 mM) for next 48 h. Cell lysates were prepared followed by immunoblotting. rIGF1 (1 ng/ml), penicillin (100 U/ml), and streptomycin (100 mg/ml) and maintained at 37 8C in 5% CO 2 , 95% air as described earlier (Monga et al. 2011) .
Experimental design
To standardize the dose of CLA treatment for PPARG and PTEN induction, after the initial 48 h of establishment period, the spent media were carefully removed and replaced with fresh medium prepared as earlier including androstenedione but without other hormonal supplements (1 ng/ml FSH and 1 ng/ml IGF1) as standard. At this stage, cells were either left untreated or treated with different doses of CLA and antagonist (GW9662) as indicated in the figure legends. After a further 48 h of treatment period, media were carefully removed and stored at K20 8C until assayed, and cells from triplicate wells were lysed separately and used for RNA isolation, whereas cells from triplicate wells were collected separately and pooled for protein isolation respectively. CLA dose (10 mM), which was found to induce PPARG maximally, was further used to see its effect at two (24 and 48 h) time points as indicated in the figure legends. Similarly, to study the effect of CLA on FSH-, IGF1-, and FSHCIGF1-stimulated cell proliferation; IGF1, aromatase, and GATA4 mRNA; and E 2 production after the initial 48 h of establishment period, the spent media were carefully removed and replaced with fresh medium prepared as earlier including androstenedione but without other hormonal supplements (1 ng/ml FSH and 1 ng/ml IGF1) as standard. At this stage, cells were either left untreated or treated with CLA (10 mM) and antagonist (1 mM, GW9662) alone or in combination, and also cells were cotreated with CLA (10 mM) in combination with FSH, IGF1, and FSHCIGF1 as indicated in the figure legends. After a further 48 h of treatment period, media were carefully removed and stored at K20 8C until assayed, cells from triplicate wells were lysed separately, and were used for RNA isolation. In a similar set of experiments, for cell proliferation assay, cells were plated as in 96-well plates, but other aspects of the experimental treatments remained the same. In another set of experiments, after the initial 48 h of establishment period, cells were pretreated with CLA (10 mM) for next 48 h, then spent media were removed carefully, and cells were further treated with FSH, IGF1, and FSHCIGF1 for 30 min as described in the figure legends. After treatment, spent media were removed and cells from triplicate wells were collected separately and pooled for immunoblotting of p-Akt and PTEN. The time point of 30 min was chosen specifically for FSHCIGF1-induced Akt phosphorylation experiments because preliminary data of our laboratory using granulsoa cells showed that FSH (20 ng/ml)CIGF1 (50 ng/ml) treatment resulted in peak p-Akt levels from 15 to 60 min.
To evaluate the involvement of PTEN, after the initial 48 h of establishment period, cells were pretreated with bpV(pic) (10 mM; Cayman, Ann Arbor, MI, USA) for 30 min and then media were replaced with fresh media as earlier and supplemented with CLA (10 mM) and incubated for next 48 h followed by removal of spent media, and cells from triplicate wells were collected separately and pooled for immunoblotting of p-Akt and PTEN.
Cell proliferation assay
Growing cells were observed microscopically. Cell proliferation was assayed using Cell Titer 96 Aqueous One Solution Cell Proliferation Assay (Promega) as described earlier (Murugan et al. 2010 , Monga et al. 2011 . Briefly, 20 ml cell proliferation assay solution was added into each well of a 96-well culture plate containing cells in 100 ml culture medium. The plates were incubated for 4 h at 37 8C in 5% CO 2 . At the end of the incubation period, the absorbance was recorded at 490 nm using a 96-well ELISA plate reader. The absorbance was directly proportional to the number of living cells in culture. Each treatment for the assay was performed in triplicate.
RNA isolation and RT
Total RNA was isolated using TRIzol (Sigma-Aldrich Co.). Isolated RNA was used immediately for RT-PCR or stored at K80 8C until use. The RNA was quantified using nanophotometer, and RNA integrity was evaluated by denaturing agarose gel electrophoresis. A total of 100 ng RNA was used for each of the set of experiments. cDNA synthesis was performed using the first-strand cDNA synthesis kit (Fermentas, St. Leon-Rot, Germany) using random hexamer primers. The reaction mixture contained 100 ng total RNA, 1 ml random hexamer (0.2 mg/ml), and sH 2 O to 11 ml. The contents were incubated at 65 8C for 10 min followed by 2 min incubation at room temperature. The reagents added further were 4 ml 5! reaction buffer (250 mM Tris-HCl, pH 8.3; 250 mM KCl, 20 mM MgCl 2 , and 50 mM dithiothreitol), 1 ml RNase inhibitor (20 IU), 2 ml dNTP mix (10 mM), and 2 ml M-MuLV reverse transcriptase (200 IU) to a final volume of 20 ml. The contents were incubated at 25 8C for 10 min, 42 8C for 30 min, and 95 8C for 3 min. The prepared cDNA was then analyzed using Figure 8 Proposed cross talk between CLA and FSHCIGF1 downstream signaling pathway. In granulosa cell, FSHCIGF1 synergistic effects are indispensable for proliferation and steroidogenesis mainly through PI3K/Akt pathways. CLA binds to nuclear receptor PPARG and induced its expression, which further increased the expression of PTEN and upregulated PTEN, which intervenes IGF1 signaling by two ways: (A) decreasing IGF1 mRNA and (B) dephosphorylating PIP3 to PIP2, which leads to downregulation of p-Akt.
PCR. Gene-specific primers were used for amplification ( Table 2 ). The primers were designed using NCBI database and the Primer 3 Software (Whitehead Institute for Biomedical Research, Cambridge, MI, USA).
Real-time PCR
cDNA prepared from 100 ng RNA was amplified with LC 480 SYBR Green master mix (Roche) in a final reaction mixture of 12 ml. Amplification and quantification were performed using light cycler real-time PCR (Roche Diagnostics) under the following cycling conditions: pre-incubation at 95 8C for 5 min, followed by 40 cycles of denaturation 95 8C for 20 s, annealing at 60 8C for 15 s, and extension at 72 8C for 15 s. Melting peaks were determined using melting curve analysis in order to ensure the amplification and thus generation of single product. Also, agarose gel electrophoresis analysis (1.5%) was carried out to determine the length of the amplified PCR product. Cloned PCR products were used to generate standard curves ranging over eight orders of magnitude (2.5!10 K15 -2!10 K10 g DNA per reaction) using freshly diluted plasmids every time from the stock concentration of 10 K9 g DNA/ml. The standard curve slope was found to be K3.35 while efficiency was 1.98, which is under optimal PCR efficiency range of a slope of K3.3 as per Roche Diagnostics, LC rel. Quantification Software, March 2001 (Weihenstephaner, Freising-Weihenstephaner, Germany). Amplification efficiency was determined from the slope of the log-linear portion of the calibration curve, i.e. PCR efficiencyZ10 (K1/slope) K1, when the logarithm of the initial template concentration (the independent variable) is plotted on the x-axis and Cp (the dependent variable) is plotted on the y-axis. Copy number was calculated relative to the amount of RNA that was subjected to cDNA preparation. PCR reaction with all the PCR reagents other than the added cDNA was used as a negative control.
Measurement of E 2
The concentration of E 2 was determined using ELISA (Omega Diagnostics, Scotland, UK). The E 2 standard curve was generated from the standards provided in the kit, which ranged from 0 pg/ml-1 ng/ml. The intra-and interassay coefficients of variation for E 2 assay were 3.4 and 5.32% respectively. Estimation was performed as per the manufacturer's instructions using 25 ml spent medium for hormone estimation. Each treatment was performed in triplicate upon each batch of cells and media from each well were assayed individually.
Immunoblotting
Cells were washed with ice-cold PBS (pH 7.5) and the culture wells were aspirated to dryness. Then, lysis buffer (63.5 mM Tris-HCl (pH 6.8), 10% (v/v) glycerol, 2% (w/v) SDS, 10 ml of 1! protease inhibitor cocktail (Sigma-Aldrich Co.), and 200 mM sodium orthovanadate) was added to the cells, which were then incubated on ice for 10 min. The cells were scraped from the culture wells into 1.5 ml microfuge tubes and were then boiled at 100 8C for 5 min and briefly centrifuged to pellet the cell debris, if present. After determination of approximate protein content using absorbance at 280 nm (Nanophotometer, Implen, Schatzbogen, Mü nchen, Germany), bromophenol blue and b-mercaptoethanol were added to the samples to give final concentrations of 0.02% (w/v) and 5% (v/v) respectively. The samples were then stored at K80 8C until analyzed.
Protein lysates (100 mg) were separated by 10% SDS-PAGE and transferred to polyvinylidene difluoride (Pall Corporation, Port Washington, NY, USA; cat# 66543) using the wet transfer Trans-Blot assembly (Bio-Rad). Membranes were blocked in Tris-buffered saline (TBS-T; 50 mM Tris, pH 7.6, 150 mM NaCl, and 1% Tween 20) containing 5% (w/v) nonfat milk for 2 h at room temperature with gentle agitation. The membrane was then incubated overnight in TBS-TV (TBS-T; 50 mM Tris, pH 7.4, 150 mM NaCl, 1% Tween 20, and 100 mM sodium vandate) with 1% nonfat milk containing antibodies to p-Akt dilution 1:1000 (Santa Cruz, Santa Cruz, CA, USA; cat# sc-101629) or PPARG dilution 1:1000 (Santa Cruz, cat# sc-7273) or PTEN dilution 1:1000 (Santa Cruz, cat# sc-7974) or b-actin dilution 1:1000 (Santa Cruz, cat# sc-47778) and normal mouse IgG (Millipore, Billerica, MA, USA; cat# 12-371B) with gentle agitation at 4 8C. After incubating the membranes overnight with primary antibody, the membranes were washed and incubated with HRP-conjugated secondary antibodies (Santa Cruz, cat# sc-2005, sc-2379) in TBS-TV for 2 h at room temperature and then washed. A chemiluminescent signal was generated using ECL reagent (ECL, Pierce, Rockford, IL, USA) and membranes were exposed to X-ray film (Kodak biomax light film, Sigma). The housekeeping gene b-actin was used as a positive loading control. Normal mouse IgG was used as a negative control. 
